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(54) Method of making an organic thin film transistor, and article made by the method 



(57) Organic thin film tiansistore having improved 
properties (e.g.. on/bil ralio> 10^8120*0) aredisclosed. 
The improved transistors comprise an organic active 
layer (16) ol low conductivity (<5 x 1&« S/cm at 20»C. 
preferably less than 10r« or even lO" SAan). Amelhod 



FIG. Z 



of producing such materials is disclosed Rapid thennal 
anneaOng was found to have beneficial results. An ex- 
emplaiy and preferred material is a-hexathienylene (o- 
6T). The improved transistors are expected to find use 
Ibr. e.g.. active liquid crystal displays andfor memories. 
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Descrlptfori . - ^ 

Field of th» Inventiory 

Ihis invention pertains to thh film tr^ 
that cornpnse an organic active la^er, and to methods 
of making such tiansistors.; - . 

Baoicaround of the invention 

, . Thin film transistors (TFTs) are known, and aire of ' 
considerable commercial significance. For instance, 
amorphous sBicon-based TFTs are used in a large frac* 
tion ol actlve.rnatrix liquU 

TFTs with an organic active kyer are also kr)ovm 
See. for instance. F. Gamier et at. Science. V6I. 265, 
pp. 1684-1686; H. Kpezuka et al. Applied Phvsics Lei> ^ 
128. VbL 62 (15). pp. 1794-1796; H. FuchlgamI el aL, ' 
Applied PhvstesLettflfs. VoL 63(10), pp. 1372-1374; Q. ^ 
HorowHz el al.. J. Applied Physics . NAsL 70 (1). PP. 
469-475, and Q, Horowitz et aL. Synthetic Metab: VoL 
41-43, pp. 1127-1130. These deyices typically arefieM 
effect transistors (FETs). Such devices potentially have , 
significant advantages over conventional TFTs, indud- * 
Ing a potentially simpler (and consequently cheaper), 
fabricatkx) proce^ the possibility for tow temperature 
processing, and compatbllity with non-glass (e.g. plas- 
tic) substrates. Bipolar transistors that utilize both p-type 
and n-type organic material are also known. See, for di- 
stance. US patent 5.31 5^1 29. S. Miyauchi et al.. Syn- 
thetic Metals. 41^3(1991). pp. 1155-1158. discbsd a 
junction FET that coniprises a layer of p-typ^ pblythi- 
ophene on n-type siBcoa 

However, despite considerable research and deyel- 
opnrient effort, 'organic* TFTs have not yet reached cono- 
merdalization. at least in part due to the relatively poor 
devwe characteristics of prior art organic TFTs. 

An important device characteristic of a switching 
transistor is the on/off ratio of the source/drain current 
Prior ait organb TFTs typk:ally have relatively low on/bff 
ratios. For instance, H. Fuchiganni et aL (op. cit.) recentiy 
reported a device that had carrier mobility comparable 
to amorphous silicon, but had an on/bff ratio of only 
about 20. That paper also discloses purtfk:ation of sem- 
iconducting material (PTV) to reduce the carrier scatter- 
ing by impurities. The material had a conductivity in the 
range 10-5-10* S^ciTL • 

H. Koezute et al. (op. cit.) report attainment of an 
on/ofl ratk> (nrKXtulation ratio) of the channel current of 
about 10* in a device wrtt» doped polypyrole (a highly 
conducting polymer)-coated source and drain contacts. 
According to these authors, this is the highest on/off ra- 
tio achieved inorganic FETs. Nevertheless, the reported 
on/off ratio is stiO substantially smaller than on/off ratios 
typically available h conventional FETs and demanded 
for many potential appfications of organic TFTs. Further- 
more, the organfc TFT had very bw carrier nrwbility (2 x 
10^ cm?/V.s), and thus wouti not have been suitable 



for high-speed openatfan. . , 

In view of the potential signiffeance of organic TFTs. 
it wouU bedesuable tohaye available such devices th^ 
, have improved characteristics* includng improved 
5 pn/off ratp of the source/drain current This appHcation 
cfisctoses such devices, and a nnethod of making the de- 
vices. . . , . 
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An "organic semfconduclor* herein Is a inaterial that 
contains a substantial anipunt of cart)on In combination 
with other elements, or tiiat comprises an altotrope of 
elemental cart>on (excluding dianwnd), and exhibits 

IS charge carrier inobflity of at least 10-3 cnAV^ at room 
temperature {TOTC). Organic semlcondtictors of Interest 
for TFTs typically have conducthrtty less than about 
. 1S/!cmat20*e. ^ ^ 

A >type- (Vi-type*) organic semiconductor herein 
is an organic semiconductor in which the Fermi energy 
is closer to (farther from) the ener^ of the highest oc- 
cupied ort>ital of pB molecules or aggregates present in 
the material timn it is to (froni) the energy of tiie lowest 
urwcci^ed prbHal. The temn is also intended to mean 

«s an organic semiconductor which transports positive 
charge carr^rs more (less) efficiently than negative car- 
riers. Positive (negative) earners are generally referred 
toas-hoIes^Celoctrdns'). 

^ Summary of the In ventinn 

In a broad aspect ttie Invention is embodied in an 
article that comprises a novel organic TFT ti)at can have 
substantially improved characteristics {e.g.. on/off la- 

3S tb), as compared to prior art organc TFTs. A method of 
making the article is also disclosed. 

Specificaliy, tiie organic TFT conr^rises an organic 
material layer, spaced apart first and second contact 
nteans (e.g.. gold electrodes) in contact with said layer; 

40 and third contact nDsahs that are spaced from each of 
ttie first and second contact means arKl tiiat are adapted 
for conuolling, by means of a voltage applied to the third 
contact means, a current between the first and the sec- 
ond cOTtact mearis through said layer. SignOicantly. the 

^ organic nnaterial of the layer is selected from the group 
consbiing of a^quateithlenylene (a-4T), a-hex- 
athlenylene (a-6T), a-octathienylene (o-ST), a-pentaih- 
ienylene (a-5T), ct-heptathienylene (a-7T), and a-non- 
athlenyfene (a-9T), each with or without substituents on 

so the4or5cart5onofthetenninalrlngs(thesecompounds 
will coflectfvely be referred to as 'om^T", with n being an 
integer from 4 to 9), said organic material layer havfaig 
an electrical conductivity of at most 5 x 1 0< S/cm (pref- 
erably less than t X ia« S/em) at 20*C. either n the as- 

S5 deposited coruiition or subsequent to a rapid thermal an- 
neal. In currently preferred embodiments the organc 
layer material is a-6T or a-8T. with a-6T being most pre- 
ferred. 
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We have made the surprising discovery that, for ex- 
ample, ar€T can be produced artd deposited in a marv 
ner that resufts in a layer of extremely low conductivtly, 
and that a TFT that comprises such a low-conductivily 
active layer can have greatly innproved properties. In- 
cluding a substantially improved source/drain current 
on/off ratb. Indeed, TFTs that comprise the novel active 
layer material can have an on/off ratio that is compara- 
ble to those of the novel {2-teyer) TFTs described in the 
concurrently filed co-assigned patent appication by the 
same inventors of tid^ 'Article Comprising m Organic 
Thin Film Transistor". Thus, TFTs accordrig to the in- 
stant invention wil typically, but not necessanly, com- 
prise fii single orgarte layer, the "tetive' layer 9>ut not 
occluding the presence of, e.g.. a protective layer over 
said active layer). 

In a further aspect the invention is embodied in a 
method of maWng a TFT that comprises an a-mT (m = 
4. 6 or 6) acthm layer. The method comprises provkfing 
a quantity of a-mT. and depositing a layer of the a-mT 
on a substrata The a-mT Is produced a process that 
comprises providmg a-(rTi/2) thienyl. de-protonated in 
the 5-position. in an organic soVent Significantly, the 
process of producing said a-mT stil further comprises 
contacting said a-(m/2) thienyl in the organic solvent 
wlh a non-halogenating oxidizing agent such that an or 
mT-containing mixture is formedl and isolating said a- 
mT from the mixture. As will be descrft>ed later In detail, 
the "isolating* step comprises a multiplicity of substeps. 

Although the discussion below will be primarily in 
terms of a-6T. we currently believe that many if not all 
of the other members of the above defined group a-nT 
can also be synthesized/treated to meet the specified 
conductivity requirement A prior art method of making 
compounds such as a-6T is disclosed in Chemical Ab- 
stracts. Vbl 114. p. 2Z, item 186387g (1991). 

As will be discussed in detail below. a-6T according 
to the invention cfiff ers from prior art a-6T not only with 
regard to carrier concentration but typically also with re- 
gard to such characterizing properties as melting point 
X-ray diffraction pattern and elemental analysis. Similar 
differences are expected for a-4T and a-8T. and indeed 
for aO a-nT These differences support the conclusion 
that the active layer materials according to the invention 
are essentially new nrtaterials that differ quaiitaiively 
from the analogous prior art materials. However, we wilt 
refer to materials according to the invention by the 
chemical names that have commonly been used to refer 
to the analogous prior art materials. 

Exemplarily. a TFT according to the invention, with 
a-6T active layer, has exhibited in the as-deposited corv 
dition an on/off ratb of more than lOS at 20*0. substan- 
tially higher (e.g.. by a factor of 102) than the ratios typ- 
ically exhibited by prior art organc TFTs. The active lay- 
er otf the exemplary TFT according to the invention was 
only lightly p-type at 20*C. 



Brtet Deecrtptlon of the Drewinoe 

RQ. 1 schematically shows an exemplary prior art 
TFT, 

s FIGs. 2 and 3 schemaUcally depict exemplary TFTs 
according to the invention: 
FIGs. 4 and 5 show data on drain current vs. drain 
voltage for 2 TFTs according to the invention, of 
somewhat dWerent conductivities; 

10 FIGs. 6 and 7 show the X-ray diffraction pattern of. 
respectively, a-6T according to the invention, and 
an exemplary prior art a-6T; 
FIG. B shows exemplaiy differential scanning cakx- 
imetry data for o-6T according to the invention; and 

IS RG. 9 shows an exemplary drive circuit in an active 
matrix liquid crystal display that comprises TFTs ac- 
cording to the invention. 

Detailed Deeertetton 

RG. 1 schematically depicts a prior art organic TFT 
10 of the metal-insulator-semiconductor field effect tran- 
sistor (MIS-FET) type, wherein numerals 11-16 refer, re- 
spectively, to substrate, first electrode (e.g., source 
25 electrode), second electrode (e.g.. drain electrode), 
third electrode (gate electrode), insulator layer, and ac- 
tive layer. 

RQ. 2 schematic^ shows a MIS-FET type device 
according to the invention. The transistor 20 also corn- 
ea prisessubstrate11(eg..aglas8,silconorplasticbody), 
first and second contacts 12 and ia third contact 14. 
gate dielectric 15 and active layer 16. It wil be recog- 
nized that topologically transistor 20 is the same as prior 
art transistor 10. However, the former comprises an ac- 
35 tive layer material that differs significantly from prior art 
materials, resulting in substantially improved perform- 
ance (e.g., substantially higher on/off ratio of the 
source/drain current), as compared to prior art organic 
TFTs. 

^ FIG. 3 schematically depicts another embodiment 
of the invention, namely, an organic TFT of the metal- 
semiconductor (MES)-FET type. Numerals 31-35 des- 
ignate, respectively, substrate, active layer, first second 
and third contacts. 

^ By way of example. MIS-FET type TFTs according 
to the invention, with 12^m channel length and 250^m 
gate length, were fabricated on themraify oxidized, con- 
ductive Si substrates. The oxide, sending as gate dielec- 
tric, was 300 nm thick. The gale region was accessed 

so by a gold ohmic contact to the Si. and gold source and 
drain contacts were lithographically defined on the sili- 
con oxide. The organic active layer was then formed by 
evaporation onto the entire assembly at room tempera- 
ture and at a pressure of 10^ torr. The active layer was 

55 50 nm thick, and was not heat treated. Measurements 
were made in situ, in vacuum. 

FIG. 4 shows cun/es of drain current vs. drain volt- 
age obtained from an exemplary TFT as descried 
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above, with the active layer material (a-€T) prepared as 
described in detail below 

The c^-current (gate voltage 0 or positive, drain 
voltage *100V) was about 10*^^ A, and the on/ofl.ratio 
was greater than 10^. The as deposited a-6T al 2D*C » 
had a conductivity below 1(H S/cmi (approximately 10^ 
S/cm)» and was barely p4ype.(le.^ it was substantially 
intr^ste), as those.skilled in ^e art wiQ recognize frorn 
the substantial overlap of the cuivesfor 0-60V gate volt- 
age.;;; , \ '. ? >•/ 

. V PIQ^ 5 shows analogous results for a TFT as die-. . 
scrbed above, but with a-6t of somewhat higher cbrv * 
* ductivity (approximately 1 .4 xip:^ S/cm) due to adven- 
titious impurity doping. Tim carrier mobility was about; . 
. 1-2 xJ0r2 cnn^Af -8. and theon/ofl ratio was gres^than 
10^ for gate voltages tietween 20V and -80V. 

As can t>e seen f rdrn the at)cve cornp£^ 
material preparatibn is a significant aspect of TFl^ aor 
cording to the fenverition. We wiB next describe a novel 
method of making qt-6T that can yield materiafof ve^y ' 
. low oondulniyity, exeniplarily,^ 5 x 10^ S/crn at 20*Q. 
Use of such material In a TFT can result in veiy low off- 
current, a feature that inter ale can r^ult in high oa^off 
ratio and good dynamic response of the TFT. The close- 
ly related compounds a-8T and d-4T cart k>e,rrede by 
substarUially the same method. 

Material Preoaratten 

, Reagent grade a-terthieryl was dissolved m about 
three tirnes its weight of toluene and applied to a column 
of ten times its weight of silica gel packed with hexane 
Ina.chromatography column. The a-teithienyt was elut- 
ed from the column with hexane and the eluate was con- 
centrated in vacuum. This purified a-terthienyl (4.5 g) 
was placed in a round-bottom flask eqiripped with a 
magnetic stir bar, arid 400 ml of tetrahydrof uran (THF). 
freshly distilled from sodium benzophenone ketyl, was 
added. The flask was capped with a rubber stopper The 
solution was then purged with nitrogen, and cooled (with 
magnetc stirring) urKjer nitrogen to <-70*C. A syringe 
containing 7.3 of 2.5 M n-butyllithium in hexane was 
emptied into the flask via a needle thr^ 
over 10 mia. foltowed by stirrihg for 20 additkxial miri- 
utes below -70*C, resulting in formation of a substantial 
quanti^ of a-terthienyl de-protonated in the 5 position, 
namely, 5-lithk>-a-terthienyl. A precipitate formed. The 
resulting suspenskx) was added via a cannula to a sec- 
ond stirred flask containing a ndn-halogenaling'oKki^ 
Ing agent,' e.g., 6.4 g of reagent grade ferric acetylace- 
tonate. and 150 rnl of the THF, cooled to <-70*C under 
nitrogen. The tow terinperature was maintained for one 
hour after the additton; then the mixture was allowed to 
warm to ambient temperature over 5-20 hours. The re- 
maining part of the procedure is directed tomrds isola- 
tion of the a-6T. 

The suspended solkte were collected by vacuum fil- 
tratton and washed in sequence with 100 ml of ethyl 



ether, 300 ml of 1% HCI iri water. 300 ml of (Dl) water, 
lOO.ml of ethanpl, and 1 00 ml of ether, yiekling 3.5 g of 
crude solid product The solid was further washed with 
100 mi eadi of 0.1% Na^COa n water, water, water 
5 agairi, ethanol,| methyl ethyl ketone, and tokiene. all 
heated to just betov^ boiling and 
to.prevent bumpifig^ The undissisived solds were ex- 
tractedwitf) an inert sohfent v^^ 
e.g,, 600 rnl^of teiHr^ lin^ 
10 hour.thee)dra(nwasfDteredWthei^fll^^ 

a funnel heated with the vapors of the same solvent (e. 

mesitylene) thai was boiling in th^ receiving Hask. 
ThefiltiatamsallowedtocppltqarnbienltM 
and crystals. were obtained. The supernatant was sep- 
IS arated from the crystals by suctkxi filtration and used to 
further extract the undissolved soUds. A total ol 1 .5 g of 
crystals were obtainea Portkxis of 200-300 mg of the 
^ thus produced crystals were placed at the bottom of a 
glks sublimates measuring 5 c^^ 
20 cm hi^ih. The material was siibiirt^ >1 cm along the 
glass tube by hMir^ m ikiou 30^ 10^ torr. After 
cpoBng under yacuiim to ambient ternperature, the sut>- 
Orned material was sbraped from the glass tube. 

The above descr9>ed exemplary novel method of 
^ making a-€t coniprises featiires tfiat 'can significantly 
- . affect product quality. Arnong these is the use of a non- 
r^logenatlng oxidizing agent, exemplarily ferric acety- 
lac^pnate. We have made the surprising observatton 
that prior art a-6T (e.g.. a-er made with cuprto chk)^ 
30 contains significant amounts (typicaDy 0.1-1 weight per- 
cent) chtorine. To the best of our knowledge, the pres- 
ence of this undesirable constituent was unknown up to 
now. and fts substantial absence (less than 0.1 weight 
% chtorine br other hatog|ens, preferably less than 0.05 
3$ weigm%) from a-CT according to the i^^ 

nificarit aspect of the inventton that is conskiered impor* 
tant for attainment of desirably tow conductivity and/or 
high mobility. The a-6T made according to the above 
descrft>ed method thus typically differs signifk:antly from 
^ prbr art a-€t with regaid to elemental analysis. 

Preferred methods of making a-6T also comprise 
solUI extraction with an inert solvent with boirmg point 
greater than 120*C, exemplarily rriesitylene, and Isola- 
ttoh ol the a-€T by crystallization of the extract. The pre- 
^ ferred methods further comprise a multi-step washing 
sequerx;e applied to the (pre*washed) crude solid prod- 
uct, arid sublimation of the washed solid product atong 
a significant distance. typicaDy >1 cm. 
. We have also made the surprising discovery that a- 
so 6T made accordihg to the alxive described method has 
a melting point that differs substantially from reported 
melting points ol prtor art a-6T. which are in the range 
280-307*0. Specifically, usong differential scanning ca- 
lorimetfy under nitrogen, we found the melting point of 
ss the novel a-6T to be about 31 3*C, as demonstrated by 
FIG 8. 

Fui^emrxye. we have found significant differences 
between the X-ray diffraclton patterns of a-6T made ac- 
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cording to the novel method and published diffraction, 
patterns of prior art a-6T. as demonstrated t»y FIGs. 6 
and 7. The former pertakts to a-6T according to the in- 
vention, and the latter is the published cSft raction pattern 
of a prior art a-6T. See B. Sennet et al.. Advanced Ma- 
terials ^ Vol. 5(6). p. 461 (1993y. 

Qeneralty speaking, material according to the in- 
vention has more numerous and sharper X-ray pealcs. 
Speclficaiy n a-6T according to the invention the prior 
ait peala (see the above cited article by B. Sen/et et aL) 
at about 20* and 22.5* each are resolved into at least 
two peaks. 

The above decussed obsenfattons indicate that oe- 
6T according to the invention is a material that can give 
rise to evaporated flims that can exist in a more stable, 
more dense and better ordered ciystaltne form than pri- 
or art a-6T. Indeed, electron mcroscopy has confirmed 
that as-deposited films of a-€T according to the inverv 
tion (deposited on a substrate at room temperature) can 
consist of lar^. anisotropc platelets with lengths of 
100-200 nm that are clearly Interconnected. This is to 
be contrasted with similarly deposited prior art a-6T 
films which are reported to have grain sizes of 50 nm. 
with the isotropic grains rDore or less separated from 
each other (B. Sers^et et at. Chemistn^ of Materials . Vol. 
6. (1994). p. 1809). These stnjctural differences are re- 
flected in differences in carrier mobility The a-6T films 
according to the invention can have mobility of about 
1 0-2 cm?/V-s. whereas the above described prior art ma- 
terial was reported to have mobility of only 2 x 10^ 
cnAV-a 

We currently believe that the above discussed im- 
proved properties are important for attainment of the im- 
proved device performance, e.g., for attainment of a 
high on/off ratk> of the source/dfain current In particular, 
we believe that halogen content below 0.1 weight % 
(preferably bek>w0.05 weight %) is an important aspect 
of active layer material according to the invention, since 
active layer material with higher hatogen content is likely 
to have relatively k>w carrier mobility. 

Those skilled In the art will appreciate that the above 
described method of makvig o-6T Is exemplaiy. and that 
modificatk)ns of the method are posstole. For instance, 
altematlve inert solvents (e.g.. xylene) of similar polarity 
to that of mesitylene may be used, other metal-aOcyl re* 
agents (e.g.. sec-butylllthium) may be used instead of 
n-butylliihium. and other non-halogenating oxidizing 
agents (e.g., ferric trifluoro-acetylacetonate. manga- 
nese (III) acetylacetonate) may be used. Furthermore, 
the method is not limited to the synthesis of a-6T but 
applies, with cbvkHis modricatkjns (e.g., starting mate- 
rial, quantities and tenperatures of solvents, sublima- 
tion temperature and pressure), also to the preparation 
of a-4Tand a-8T, and to the preparation of ctoeely re- 
lated compounds such as the end^ubstituted deriva- 
tives of a-6T, a-4T and a-8T Furthemxsre. at least the 
purification aspects of the novel method are expected 
to be applicable, with obvious modrfications (e.g.. use 



of solvents of appropriate polarity and boting point, sub- 
limation temperature and pressure) to other related 
compounds such as a-5T. a-7T and a-9T, and their 4 or 
5 substituted derivatives. 

* An appropriate quantity (e.g.. 50 mg) of a-6T pro- 
duced as described above was placed into a conven- 
tional tungsten boat in a conventkxiaf evaporator sys- 
tem. The base pressure in the evaporation chanter was 
about 10-7 tort The boat was heated to about 300*C, 

10 and a 50 nm thick a-€T film was deposited uniformly 
over an appropriate substrate at room temperature. The 
asKieposited ntaterial typcally was polycrystalline. with 
average grain size of order 100 nm. 

We have found that an appropriate heat treatment 
of theas-depositeda-nTcanchangelhe morphology of 
the layer, and potentially further improve devce charac- 
teristk:s. More specifk:ally. we have found that rapid 
thermal anneaUng (RTA) of as-deposited films of. e.g., 
a-6T can substantiaBy Increase the grain size of the ma- 

^ terial, to the extent that average grain size can be com- 
parable to or even exceed the channel length (typicaHy 
4 - 1 2Mm) of the Intended TFT. If this Is the case then 
the active layer can behave substantially like a single 
crystal layer. 

Annearmg an as-deposited a-6T film for a short time 
(typfcaBy less than 10 seconde, e.g., 1 second) at a tem- 
perature close to (optionally even slightly above) the 
melting point (e.g.. 295-315*0) exemplarily has resulted 
in increase of the average grain size to above 2Mm, e. 

30 g., in the range 5 - lOOiim. Annealing is desirably done 
In an inert atmosphere, e.g.. N2. Any suitable heat 
source (e.g.. a bank of hatogen lamps focused to a sus- 
ceptor. or a graphite strip heater) can be used. It is an- 
ticipated that the morphotogy of the other a-nTs can also 

35 be improved by appropriate RTA. 

Furthermore, we have discovered that RTA of as- 
deposited p4ype a-6T films can result in substantial de- 
crease ol the conductivity, with consequent Increase In 
on/off ratk). For instance, a as-deposited a-6T layer ex- 

^ htoited a conductivity of about 10^ S/cm. After a RTA 
(296»C for 1 second) m Mg. the layer exhibited a con- 
ductivity of 0.7 x 10^ S/cm. It is expected that other 
members of the group a-nT will show similar conductiv- 
ity decreases. 

^ TFTs according tothe invention can be produced In 
substantially the same way as anatogous prior art TFTs, 
provkJed that a a-nT of the required tow conductivity Is 
used. Exemplary sut>strates are glass. plastk:ssuch as 
MYLAR® or KAPTON(&. or Si (coated with SiOg or other 

so insulator). Use of encapsutant that protects the active 
layer material is contemplated. 

Transistors according to the invention can be used 
as discrete devices but wiD more typcally be used in in- 
tegrated circuits that coniprise a multipicity of transis- 

ss tors according to the invention, possibly in conjunclwn 
with conventionat semiconductor devces, with conduc- 
tors interconnecting the devices and providing means 
for energizing the devices, provkfing input signals to the 
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circuit and optionally receiving output signals therefrom. 

By way of example, transistors according to the m- 
vention are used as current switches in fiquid crystal dis- 
plays in fundionaOy the.same way as prior art semicqr)- 
ductor TFTs are currently used. This is schematicany ih 
lustratect iri F\Qil 9; which is.tased on an Ulustration at 
p. 102 oi 'AmcfF^hous and MicrpcryMalline Devices*. J. 
KanicM, editor. Artech House, Boston (1991). RQ. 9 de- 
pict^ releyam aspects clan exempl^ 
of an acUve-rrmtrix Gquid crystal display, wherein tran^: 
sistors 101 are TFTs according to the invention, and the 
remainder <A the circuit is conventionaL Nurtierial?: 102 
refer to liquid crystal, and riumerals 103*105 refer to sig^ 
nal Ihes. gate lines and cornrrKxi electrode,. respectivd>^ 
ly. Video signals .arKl gate pdlses are also shown edier 
matlcally. - .r * y' 
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An article comprising a thin film transistor (ag., 20) 
comprising 

a) a layer (16) ol organic material; 

b) spaced apart first and second contact means 
(12, 13) In contact with said layer, and 

c) third contact means (14) that are spaced 
from said first and second contact means and 
that are adapted for controOing, by means of ia . 
vol^ge applied to the third contact meahs, a ' 
current t>etween the first arid second coiitact 
means through said layer CHARACTERIZED 

. INTHAT > . 

. d) the organic material is selected from the 
group consisting of a-hT, with h benng ah inte- 
ger from 4 to 9. an with or without sut>stitU6nt 
on the 4> or Scartxx) on the terminal rings, and 
e) has an electrical conductivity of at most 5 x 
10-«S/cmat20*C. 

An article according to claim 1 . wherein the organic 
material is selected from a-6T arid a-^T, both with 
or without said sut>stituent 



rent greater than 10^. 

r. An article according to claim 1 . wherein the organic 
rnaleral has a coiuiuctiyity of at nr»st 5 X 1(>^ 
in the as-<teposited condition. 

1 A method of making a thin film transistor that com- 
prises an a-mT active layer whe re m s 4, 6 or 8, all 
with or without substituent on thei 4- or 5-carbon on 
. the terminal rings, the method comprising 

^ a) provtdirigaquantilyola*mT, said a-mT pro- 
duced by a method that comprises providing a- 
(m/2) thienyl, de-protonated in the 5-position. 
In an organic solvent; and 

b) depositng a layer of said a-mT on a sub- 
strate; CHARACTERIZED IN THAT said meth- 
od of producing said quantity of a-mT further 
comprises 

c) contacting said deprotonaled a-(m/2) thienyl 
in the organic solvent with a norvhalogenating 
oxidizing agent such that an a-mT containffig 
mixture is formed; and 

d) isolating said a-mT from said mixture. 

9l Method according to claim 8, wherein the deproto- 
nated a-(m/2) thienyl is 5-lithio-a-terthlenyl, and the 
a-mT is a-6T. 

IOl Mefthod according to clam 8. wherein step d) corr>- 
prises wash^g the o-mT with solvents, and option- 
' alVcbrnprises oneorbolhof 

, ' i) i'ecrystaltiEation of the a-mT under inert con- 
. / dftionsiami 

ii) sublimation of the a-mT under vacuum. 
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3. An article according to claim 2. wherein the organic ^ 
material contains less than 0.1 weight percent hal- 
ogen. 

4. An article according to claim 3. wherein the organic 
material is a-6T and has a melting point of about so 
313*a "l 

5. An article according to claim 4. wherein the layer of 
organic material is a polycrystaOine layer with aver- . 
age crystallite size of at least 2Mm.' ss 



An article according to claim 1 . wherein the thin film 
transistor has an on/off ratio of a source/drain cur- 
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